Abstract：The study provides the major ion chemistry, chemical weathering rates and temporary 11 and net CO2 sinks in the Beijiang River, which was characterized as hyperactive region with high 12 chemical weathering rates, carbonate and silicate mixing lithology and abundant sulfuric acid 13 chemical weathering agent with acid deposition and acid mining drainage (AMD) origins. The total 14 chemical weathering rate of 85.46 t·km -2 ·a -1 was comparable to other rivers in the hyperactive zones 15 between the latitude 0-30 o . Carbonate weathering rates of 61.15 t·km -2 ·a -1 contributed to about 70% 16 of the total. The lithology, runoff and geomorphology had significant influence on the chemical 17 weathering rate. The proportion of carbonate outcrops had significant positive correlation with the 18 chemical weathering rate. Due to the interaction between dilution and compensation effect, 19 significant positive linear relationship was detected between runoff and total, carbonate and silicate 20 weathering rates. The geomorphology factors such as catchment area, average slope and 21 hypsometric integral value (HI) had non-linear correlation on chemical weathering rate and showed 22 the net sink of CO2 and regulates the global carbon cycle (Hartmann et al., 2009; Hartmann et al., 44 2014b; Kempe and Degens, 1985; Lenton and Britton, 2006) . Thus in carbonate-silicate mixing 45 catchment, it is essential to distinguish proportions of the two most important lithological groups, 46
significant scale effect, which revealed the complexity in chemical weathering processes. DIC-23 apportionment showed that CCW (Carbonate weathering by CO2) was the dominant origin of DIC 24 (35%-87%) and that SCW (Carbonate weathering by H2SO4) (3%-15%) and CSW (Silicate 25 weathering by CO2) (7%-59%) were non-negligible processes. The temporary CO2 sink was 823.41 26 10 3 mol km -2 a -1 . Compared with the "temporary" sink, the net sink of CO2 for the Beijiang River 27 was approximately 23.18×10 3 mol km -2 a -1 of CO2 and was about 2.82% of the "temporary" CO2 28 sink. Human activities (sulfur acid deposition and AMD) dramatically decreased the CO2 net sink 29 and even make chemical weathering a CO2 source to the atmosphere. 30
Keywords：Chemical weathering, DIC-apportionment, CO2 temporary sink, CO2 net sink 31 1 Introduction 32 About half of the global CO2 sequestration due to chemical weathering occurs in warm and 33 high runoff regions (Ludwig et al., 1998) , so called the hyperactive regions and hotspots (Meybeck 34 et al., 2006) . Chemical weathering driven by weak carbonic acid (H2CO3) that originates from 35 atmosphere CO2 or soil respiration under natural conditions is a fundamental geochemical process 36 regulating the atmosphere-land-ocean fluxes and earth's climate (Guo et al., 2015) . Carbonate and 37 silicate weathering define the two typical categories of chemical weathering. A profound case in 38 point is that from the view of the global carbon cycle, the CO2 consumption due to carbonate 39 weathering is recognized the "temporary" sink because that the flux of CO2 consumed by carbonate 40 dissolution on the continents is balanced by the flux of CO2 released into the atmosphere from the 41 oceans by carbonate precipitation on the geological time scale (Cao et al., 2015; Garrels, 1983) . 42
While the consumption of CO2 during the chemical weathering of silicate rocks has been regard as 43 https://doi.org/10.5194/bg-2019-310 Preprint. Discussion started: 13 November 2019 c Author(s) 2019. CC BY 4.0 License. (Hartmann et al., 2009) . 48
In addition to the chemical weathering induced by H2CO3, sulfuric acid (H2SO4) of 49 anthropogenic origins produced by sulfide oxidation such as acid deposition caused by fossil fuel 50 burning and acid mining discharge (AMD) also becomes an important chemical weathering agent 51 in the catchment scale. Many studies have shown the importance of sulfide oxidation and subsequent 52 dissolution of other minerals by the resulting sulfuric acid at catchment scale (Hercod et al., 1998 ; 53 Spence and Telmer, 2005) . Because depending on the fate of sulfate in the oceans, sulfide oxidation 54 coupled with carbonate dissolution could facilitate a release of CO2 to the atmosphere ( Where TWR, CWR and SWR have the unit of t km -2 a -1 ,Qi denotes discharge in m 3 ·month -1 , and A 168 denotes the catchment area in km 2 . 169
DIC apportionments 170
The riverine DIC originates from several sources including carbonate minerals, respired soil 171 CO2 and atmospheric CO2, and it could be affected by processes occurring along the water pathways 172 (Khadka et al., 2014; Li et al., 2008 
CO2 consumption rate and CO2 net sink 201
According to the equations (17)~ (20), only the processes of CCW and CSW can consume 202 the CO2 from atmosphere or soil and only half of the HCO3in the water due to carbonate weathering 203 by carbonic acid come from atmospheric CO2. Thus, the CO2 consumption rates (CCR) for CCW 204 and CSW can be calculated as followed (Zeng et al., 2016) : 205
(29) 206
Where Q is discharge in m 3 ·a -1 , [HCO3 -] is concentration of HCO3in mmol·L -1 , A is catchment area 208 in km 2 . So that the CCR has the unit of 10 3 mol km -2 ·a -1 . 209
According to the classical view of the global carbon cycling (Berner and Kothavala, 2001) , 210 the CCW is not a mechanism that can participate to the amount of CO2 in the atmosphere because 211 all of the atmospheric fixed through CCW is returned to the atmosphere during carbonate 212 precipitation in the ocean. However, when sulfuric acid is involved as a proton donor in carbonate 213 weathering, half of the dissolved carbon re-release to the atmospheric during carbonate precipitation. 214
Thus, SCW leads to a net release of CO2 in ocean-atmosphere system over timescale typical of 215 residence time of HCO3in the ocean (10 5 years). Meanwhile, in case of CSW, followed by 216 carbonate deposition, one of the two moles of CO2 involved is transferred from the atmosphere to 217 the lithosphere in the form of carbonate rocks, while the other one returns to the atmosphere, 218 resulting a net sink of CO2. Therefore, the net CO2 consumption rate (CCRNet) due to chemical 219 weathering can be concluded as followed: 220 
Chemical composition in the Beijiang River Basin 245
The major physical-chemical parameters of river water samples were presented in Table 1 Major ion composition were shown in the anion and cation ternary diagrams (Fig. 2) . Ca 2+ was 261 the dominant cation with concentration ranging from 199 to 1107 μmol·L -1 , accounting for 262 approximately 49% to 81%, with an average of 66% (in μEq) of the total cation composition in the 263 river water samples. HCO3was the dominant anion, with concentration ranging from 640 to 2289 264 μmol·L -1 . On average, it comprised 77% (59%~92%) of total anions, followed by SO4 2-(16%) and 265
Cl -(6%). The major ionic composition indicated that the water chemistry of the Beijiang River 266
Basin was controlled by both carbonate and silicate weathering. 
Seasonal and spatial variations 279
There were significantly seasonal variations in the major ion concentrations ( normalized molar ratios (Fig. 5 ). The best correlations were observed between Ca 2+ /Na + and 311 Mg 2+ /Na + (R 2 =0.86, n=180) and Ca 2+ /Na + and HCO3 -/Na + (R 2 =0.96, n=180). In these plots, the 312 contributions from carbonate weathering correspond to the trend toward high-Ca 2+ end-member 313 close to the top right corner, while silicate weathering correspond to the trend toward to high-Na + 314 end-member close to the low-left corner. It was clear that the samples with high ratio of carbonate 315 outcrop had the highest molar ratios of Ca 2+ /Na + , Mg 2+ /Na + and HCO3 -/Na + , which made the 316 samples located toward to the carbonate weathering end-member. However, the samples with low 317 Ca 2+ /Na + , Mg 2+ /Na + and HCO3 -/Na + ratios showed the influence of silicate weathering. In addition, 318 major ion compositions of the Beijiang River was mainly contributed by the weathering of 319 carbonates and silicates, and showed little contribution of evaporate weathering. Based on the chemical balance method, the calculated contributions of different sources to the 325 total cationic loads were presented in Fig. 6 . The results showed that carbonate weathering was the 326 most important mechanism controlling the local hydrochemistry, and contributed approximately 327 50.06% (10.96%~79.96%) of the total cationic loads. Silicate weathering and atmospheric 328 precipitation inputs accounted for 25.71% (5.55%~70.38%) and 17.92% (0~46.95%), respectively. 329
Evaporate weathering had the minimum contribution with an average of 6.31% (0~24.36%) to the 330 total cationic loads. 
334
The chemical weathering rates were calculated and the results were listed in Table 2 . The 335 average of carbonate and silicate weathering rate in the Beijiang River Basin were 61.15 and 25.31 336 t·km -2 ·a -1 , respectively. In addition, chemical weathering rates showed significantly seasonal 337 variations with the highest carbonate and silicate weathering rates in May (16.75 and 5.50 t·km -338 2 ·month -1 , respectively) and the lowest carbonate and silicate weathering rates in February (0.95 and 339 0.39 t·km -2 ·month -1 , respectively). (Gaillardet et al., 1999a) reported the chemical weathering rate 340 of major river all over the world. The summarized dataset was showed in Fig. 7 . It is found that the 341 hyperactive zone with high chemical weathering rate is generally located between the latitude 0- 2009). For this study, the lithology, hydrological characteristics and geomorphology was selected 357 as the major factors to be discussed. 358
Lithology 359
Among all the factors controlling the chemical weathering rates, lithology is one of the most 360 important factors because different type of rocks have different weathering abilities (Viers et al., 361 2014) . The TWR had a significant positive correlation (p<0.01) with the ratios of the proportion of 362 carbonate and a non significant positive correlation with that of silicate outcrops (Fig. 8a, b ). Further 363 more, a significant correlation (p<0.01) was found between the CWR and proportion of carbonate 364 outcrops (Fig. 8c ), but the correlations between the SWR and the proportion of silicate outcrops 365 were low and not statistically significant (p>0.05, Fig. 8d ). The correlation analysis confirmed that 366 carbonate outcrops ratios was the sensitive factor controlling the chemical weathering rates and the 367 rapid kinetics of carbonate dissolution played an important role in weathering rates in the Beijiang 368 where Ci is the concentration of element i (mmol/L), Q is the water discharge (m 3 /s), a is the 382 regression constant and b is the regression exponent. The linear fitting result was showed by Fig. 9  383 and the parameters b for major elements obtained from the dataset were 0.08 (Na + ), 0.05 (K + ), 0.08 384 (Ca 2+ ), 0.02 (Mg 2+ ), 0.06 (HCO3 -), 0.12 (Cl -), 0.11 (SO4 2-) and -0.005 (SiO2), respectively. In many was detected between Q and TWR, CWR and SWR. So that, the linear regression analysis between 397 Q and TWR, CWR and SWR were conducted to further reveal the effect of runoff on chemical 398 weathering rate. The slope of the liner regression equations for all 15 hydrological station 399 watersheds in the Beijiang River Basin were summarized in Table 3 . The linear relations indicated 400 that the increase of runoff could accelerate the chemical weathering rates, but the variations of K 401 values revealed that the degrees of influences were different due to multiple factor influence, such 402 as the influence of geomorphology. 403 
Geomorphology 407
The geomorphology factors including catchment area, average slope and HI, which could quite 408 influence the runoff generation process and physical and chemical weathering, were selected to give 409 a further explanation of the variation of K values. As showed in Fig. 10a , the K values were found 410 a non-linear relationship with the areas of subcatchment and could be fitted by exponential decay 411 model, which showed that the K values decreased dramatically with the initial increasing of area 412 and quickly become stable after reaching the threshold. The threshold value for K1, K2 and K3 was 413 about 5278 km 2 . It indicated that the compensation effect was more significant in small catchment. 414
The average topographic slope of each subcatchment ranged from 37 o to 63 o . With the 415 increasing of average slope, the residence time of both surface water and groundwater decrease. 416
Kinetics of carbonate and silicate reactions were determined by the reaction time which could be 417 related by the residence time of water. In our study area, the K values showed non-linear negative 418 correlation with average slope (Fig. 10e, f, g) . When the average slope increase, the resulted small 419 residence time (time of water-rock reactions) make the compensation effect also weak in the study 420 area. 421
Hypsometric analysis showed that the HI ranged from 0.18 to 0.34. According to the empirical 422 classification by HI (HI > 0.6, inequilibrium or young stage, 0.35 < HI ≤ 0.6, equilibrium or mature 423 stage, HI ≤ 0.35, monadnock or old age), the geomorphological development in the Beijiang River 424 was recognized as the old age, which reflect the erodible degree and erosion trend of the 425 geomorphology was high. Furthermore, the non-linear positive correlations between HI and K 426 values ( Fig. 10g, h 
Sulfate origin and DIC apportionment 433
The successful application of DIC apportionment calculation mentioned in section 3.22 is 434 based on the sources of sulfate (SO4 2-). Three sources of SO4 2should be discriminated including 435 atmospheric acid deposition (Larssen and Carmichael, 2000) , acid mining discharge (AMD) (Li et 436 al., 2018; Li et al., 2019) and chemical weathering of evaporite such as the dissolution of gypsum 437 (Appelo and Postma, 2005) . Acid rain events occurred frequently in South and East China after 438 1980 (Larssen et al., 2006) . The pH isolines based on data from 86 monitoring stations (Larssen et 439 al., 2006) showed that in the Beijiang River the rain pH was lower than 4.5 and our monitoring 440 https://doi.org/10.5194/bg-2019-310 Preprint. Discussion started: 13 November 2019 c Author(s) 2019. CC BY 4.0 License. dataset also proved this result. Sulfur wet deposition estimated based on the observed bulk wet sulfur 441 deposition data and the RAINS-Asia model (Larssen and Carmichael, 2000) ranged from 2000-442 5000 eq ha -1 a -1 , which showed that the acid sulfur deposition was one of the most important sources 443 of river sulfate. In addition, considering the abundant ore resources in the Beijiang River, the second 444 possible source of SO4 2is sulfide oxidation due to mining. In our previous study, the SO4 2with 445 AMD origin mainly came from the tributary Wenjiang River (Wen et al., 2018) . These two sources 446 could offer sufficient chemical weathering agent H2SO4 and actively involved in the chemical 447 weathering due to the following reaction mechanism (take carbonate for example) (Taylor et al., 448 1984; van Everdingen and Krouse, 1985) . 
451
The third source came from dissolution of gypsum could not offer active H2SO4 to induce 452 carbonate and silicate dissolution. Two evidence were summarized to indicate the absence of 453 gypsum in the study area, (1) Lithology in the river basin are composed of limestone, sandstone, 454 gneiss and glutenite. HI showed that geomorphology development have entered into the "old" age, 455 the evaporite such halite and gypsum have been consumed by the dissolution. (2) The stoichiometric 456 relationship between Ca 2+ and SO4 2- (Fig. 11) showed that all of the samples in the study area located 457 below the 1:1 gypsum dissolution line, and due to the dissolution of carbonate, they also below the 458 1:2 carbonate weathering induced by sulfuric acid (SCW) line. These two points combined gave the 459 evidence to prove the absence of contribution of gypsum dissolution to river SO4 2-. So that, the DIC 460 apportionment could be calculated according to equation (18) showed in Table 4 . It was found that CCW was the dominant origin of DIC (35%~87%) and that 463 SCW (3%~15%) and CSW (7%~59%) were non-negligible weathering processes. 464 Thus, SCW leads to a net release of CO2 in ocean-atmosphere system. So that, the net CO2 sink 482 (expressed by CCRNet in this study) is controlled by the DIC apportionment according to equation 483 (31). 484
The result of CCRTotal, CCRCCW, CCRCSW and CCRNet were summarized in Table 4 . The 485
CCRTotal was 823.41 10 3 mol km -2 a -1 . Comparing with other Chinese rivers, such as the Songhua 486 River (189×10 3 mol km -2 a -1 ) (Cao et al., 2015) and other rivers calculated by (Gaillardet et al., 487 1999a) including the Heilong River (53×10 3 mol km -2 a -1 ), the Changjiang River (609×10 3 mol km -488 2 a -1 ), the Huanghe River (360×10 3 mol km -2 a -1 ), the Xijiang River (960×10 3 mol km -2 a -1 ), the 489 Jinshajiang River (420×10 3 mol km -2 a -1 ), the Langcangjiang River (980×10 3 mol km -2 a -1 ), the 490 Nujiang River (1240×10 3 mol km -2 a -1 ), the Yalongjiang River (870×10 3 mol km -2 a -1 ), the Daduhe 491 River (1280×10 3 mol km -2 a -1 ) and Minjiang River (660×10 3 mol km -2 a -1 ), our study area showed 492 relative high CCR due to high chemical weathering rate. In addition, the CCRCCW and CCRCSW were 493 536.59 × 10 3 (65%) and 286.82 × 10 3 (35%) mol km -2 a -1 , respectively. Compared with the 494 "temporary" sink, the net sink of CO2 for the Beijiang River was approximately 23.18×10 3 mol km -495 2 a -1 of CO2 sinking in the perspective of global carbon cycling. It was about 3% of the "temporary" 496 CO2 sink. Human activities (sulfur acid deposition and AMD) dramatically decreased the CO2 net 497 sink and even make chemical weathering a CO2 source to the atmosphere. 498 This study revealed the temporary and net sinks of atmospheric CO2 due to chemical 503 weathering in a subtropical hyperactive catchment with mixing carbonate and silicate lithology 504 under the stress of chemical weathering induced by anthropogenic sulfuric acid agent. During the 505 sampling period, the pH values ranged from 7.5 to 8.5 and TDS varied from 73.8 to 230.2 mg·L -1 . 506
Ca 2+ and HCO3were the dominated cation and anion. Water chemical patterns and PCA showed 507 that carbonate and silicate weathering were the most important processes controlling the local 508 hydrochemistry. In average, carbonate and silicate weathering contributed approximately 50.06% 509 https://doi.org/10.5194/bg-2019-310 Preprint. Discussion started: 13 November 2019 c Author(s) 2019. CC BY 4.0 License. and 25.71% of the total cationic loads, respectively. 510
The average of carbonate and silicate weathering rate in the Beijiang River Basin were 61.15 511 and 25.31 t·km -2 ·a -1 , respectively. The high rate was comparable to other rivers located in the 512 hyperactive zone between the latitude 0-30 o . The lithology, runoff and geomorphology had 513 significant influence on the chemical weathering rate. (1) Due to the difference between kinetics of 514 carbonate and silicate dissolution processes, the proportion of carbonate outcrops had significant 515 positive correlation with the chemical weathering rate and confirmed that carbonate outcrops ratios 516 was the sensitive factor controlling the chemical weathering rates and the rapid kinetics of carbonate 517 dissolution played an important role in weathering rates. (2) Runoff manly controlled the season 518 variations and the dilution effect was weak in the study area. Due to the compensation effect of 519 chemical weathering, significant positive linear relationship was detected between Q and TWR, 520 CWR and SWR. (3) The geomorphology factors such as slope and HI had non-linear correlation on 521 chemical weathering rate and showed significant scale effect, which revealed the complexity in 522 chemical weathering processes. 523 DIC apportionment showed that CCW was the dominant origin of DIC (35%-87%) and that 524 SCW (3%-15%) and CSW (7%-59%) were non-negligible weathering processes. The CCRTotal was 525 823.41 10 3 mol km -2 a -1 , relative high CCR due to high chemical weathering rate. In addition, the 526 CCRCCW and CCRCSW were 536.59×10 3 (65%) and 286.82×10 3 (35%) mol km -2 a -1 , respectively. 527 Compared with the "temporary" sink, the net sink of CO2 for the Beijiang River was approximately 528 23.18×10 3 mol km -2 a -1 of CO2 sinking in the perspective of global carbon cycling. It was about 529 2.82% of the "temporary" CO2 sink. Human activities induced sulfur acid deposition and AMD have 530 significantly alter the CO2 sinks. 531 https://doi.org/10.5194/bg-2019-310 Preprint. Discussion started: 13 November 2019 c Author(s) 2019. CC BY 4.0 License.
